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(54) Title: IMPLANTABLE HEART ASSIST SYSTEM 

(57) Abstract 

An extracardiac pumping system (10) for supple- 
menting the circulation of blood through a patient without 
any component thereof being connected to the patient's 
heart and method of using same. The extracardiac system 
comprises a pump (32) implanted subcutaneously at or 
about the patient's groin in a minimally-invasive proce- 
dure, wherein the pump is powered by a battery (44), and 
means for charging the battery extracorporeal^, wherein 
the pump draws blood through an inflow conduit (50) flu- 
idly coupled to the patient's femoral artery (26) via a sub- 
cutaneous anastomosis connection, and discharges blood 
through an outflow conduit (52) fluidly coupled to a pe- 
ripheral artery that stems from the patient's aortic arch 
via a subcutaneous anastomosis connection. The pump 
may be operated continuously or in a pulsatile fashion, 
synchronous with the patient's heart, thereby potentially 
reducing the pumping load on the heart 
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IMPLANTABLE HEART ASSIST SYSTEM 

FipM fit The Invention 

The present invention relates generally to a system for assisting the heart and, in particular, to an 
extracardiac pumping system and a method for supplementing the circulation of blood through the patient using a 
minimally invasive procedure. 

Background Of The Invention 
During the last decade, congestive heart failure (CHF) has burgeoned into the most important public health 
problem in cardiovascular medicine. As reported in Gilum. R.F., ***** of Heart Failure in the U.S.. 126 Am. 
Heart J 1042 (1993), four hundred thousand (400.000) new cases of CHF are diagnosed in the United States 
annually The disorder is said to affect nearly 5 million people in this country and close to 20 miBion people 
worldwide. The number of hospitalizations for CHF has increased more than three fold in the last 15 years. 
Unfortunately, nearly 250.000 patients die of heart f allure annually. According to the Framingham Heart Study, the 
5-vear mortality rate for patients with congestive heart failure was 75 per cent in men and 62 per cent in women 
(Ho K K L Anderson. K.M., Kannel. W.B.. et aL. Survival After the Onset of Congestive Heart Failure in Frammgham 
Heart Study Subject. 88 Circulation 107 (1993)). This disorder represents the most common discharge diagnos.s 
for patients over 65 years of age. Although the incidence of most cardiovascular disorders has decreased over the 
past 10 to 20 years, the incidence and prevalence of congestive heart failure has increased at a dramatic rate. Th,s 
number will increase as patients who would normally die o. an acute myocardial infarction (heart attack) sunnve, 

and as the population ages. 

CHF manifests itself primarily by exertional dyspnea (difficult or labored breathing) and fat.gue. Three 
paradigms are used to describe the causes and therapy of CHF. The first views this condition in terms of altered 
pump function and abnormal circulatory dynamic, Other models describe it largely in terms of altered myocard,a. 
cellular performance or of altered gene expression in the cells of the atrophied heart. In its broadest sense, CHF 
can be defined as the inability of the heart to pump blood throughout the body at the rate needed to ma,nta,n 
adequate blood flow, and many of the normal functions of the body. 

To address CHF. many types of cardiac assist devices have been developed. A cardiac or circulatory ass,st 
device is one that aids the failing heart by increasing its pumping function or by allowing it a certain amount of rest 
to recover rts pumping function. Because congestive heart failure may be chronic or acute, different category of 
heart assist devices exist. Short of a heart transplant, at least two types of chronic heart assist systems have been 
developed One type employs a full or partial prosthetic connected between the heart and the aorta, one example 
„, which is commonly referred to as a LVAD • Left Ventricular Assist Device. With reference to Figure 1 herem, one 
example of a LVAD 2 is show, The LVAD comprfces a pump and associated valves 4 that draws blood directly from 
the apex of the left ventricle 6 and directs the blood to the aortic arch 8. bypassing the aortic valve. In th« 
application, the left ventricle steps functioning and does not contract or expand. The left ventricle become, ,n 
effect, an extension of the left atrium, with the LVAD 2 taking over for the left ventricle. The ventr.Ce, thus, 
becomes e low-pressure chamber. Because the intent is to take over for the left ventricle, the LVAD operates by 
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continues to contract, the gas used to actuate the balloon was rapidly withdrawn to deflate the balloon. This 
reduced the pressure at the aortic root when the aortic vafce opened. In contrast, during diastole, the balloon was 
inflated, causing the diastolic pressure to rise and pushing the b.ood in the aorta distally towards the lower part of 
the body (on one side of the baHoon) and proximal* toward the heart and into the coronary arteries (on the other). 

The major advantage in such a counterpulsation device was systolic deflation, which lowered the intra-aorfc 
volume and pressure, reducing both afterload and myocardial oxygen consumption. In other word, when the balloon 
is inflated, ft creates an artificial* higher pressure H the aorta, which has the anc.ary benefit of greater per.us.on 
through the coronary arteries. When the balloon deflates, just before the aortic vafve opens, the pressure and vo.ume 
of the aorta decrease, refeving some of the hemodynamic burden on the hear,. These physiologic responses improved 
the patient's cerdiac output and coronary circulation, temporarily improving hemodynamic, In general, 
countermen with an IABP can augment cardiac output by about 15%. this being frequently sufficient to stable 
the patient's hemodynamic statu, which might otherwise rapidly deteriorate. When there * evidence of more 
efficient pumping ability by the heart, and the patient has moved to an improved class of hemodynam,c statu, 
counterpulsation can be disconttoued. by slowly weaning while monitoring for deteru.rat.on. 

Until 1979. all IABP catheters were inserted via surgical cutdown, generally of the femoral artery. S.nce 
then the development of a percutaneous IABP catheter has allowed quicker, and perhaps safer, insertion and has 
resulted in more expeditious institution of therapy and expansion of choice, application, Inflation and def.at.on of 
the ba.loon. however, requires a pneumatic pump that is sufficient* large that it must be employed extracorporeal*, 
thereby restricting the patient's movements and ability to carry out normal daily activities. IABP devices are. thus, 
limited to short term use. on the order of a few days to a few weeks. 

As discussed above, a variety of ventricular assist pumping mechanisms have been designed. Typ.cally 
associated wnh LVADs are valves that are used in the inlet end outlet conduits to insure unidirectional blood flow. 
Given the close proximity of the heart, unidirectional flow was necessary to avoid inadvertent backflow into the 
heart The use of such valves also minted the thrombogenic potential of the LVAD dev.ee. 

Typically, the pump associated with older LVADs was a bulky pulsatile flow pump, of the pusher plate or 
diaphragm style, such es those manufactured by Baxter Novacor or TCI, respective*. Given that the pump was 
panted within the chest and* abdominal cavity, major invasive surgery was requned. The pumps were ty P .cel* 
driven through a percutaneous driveline by a portable externa. conso.e that monitors and reprograms funcfon, 

Alternative*, rotary pump, such as centrifuge, or axial pump, have been used in heart assist system, 
With centrifugal pump, the blood enters and exits the pump practically in the same plane. An axial pump, .n 
contrast, directs the blood along the axis of rotation of the rotor, .nspired by the Archhnedes screw, one des.gn 
of an axial pump has been miniaturised to about the size of a pencil eraser, although other designs are larger. 
Despite its small size, an axial pump may be sufficient* powerful to produce flows that approach those used w.t 
older LVADs. Even with miniaturized pump, however, the pump is typical* introduced into the left ventricle through 
5 the aortic valve or through the apex of the heart, and its function must be controlled from a console outs.de the 
body through percutaneous lines. 
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The present system also comprises an inflow condun fluidly coup.ed to the pump, to direct blood to the 
pump from a first peripheral blood vessel, and an outflow conduit fluidly coupled to the pump, to direct blood from 
the pump to a second peripheral blood vessel. The connection of the inflow and outflow conduits to the blood 
vessels is performed subcutaneously; not so deep as to involve major invasive surgery. In other word, mm* 
subdermal. This permits application of the connections m a minimally-invasive procedure. Preferably, the connects 
to the blood vessels are just below the skin or just below the firs, layer of muscle, depending upon the blood vessels 
at issue or the location of the connection, although slight* deeper penetrations may be necessary for some pat.ents. 

k one embodiment of the extracardiac system, the pump is a continuous flow and/or pulsatile pump that 
is implantable and is used to connect two peripheral arteries, such as the femora, artery at the inflow and the left 
axillary artery at the outflow, although other peripheral blood vessels are contemplated, including other arteries and/or 
veins as weH as any singular and/or cumulative combination thereof. An alternative embodunent employs a rotary 
pump that is controllable in a synchronous copulsating or counterpoised fashion, or in some out-of-phase 
intermediate thereof. In one appfication, it is contemplated that the present invention may be applied such that the 
heart experiences a reduced pressure at the aortic root during systole, thus reducing the hemodynamic burden on 
the heart and, thus, permitting the heart to recover. 

,t is contemplated that, where the entire system of the present invention is implanted, that it be implanted 
subcutaneously without the need for major invasive surgery and. preferably, extrathoracically. For example, the pump 
may be implanted in the groin area, with the inflow conduit attached to the femoral or iliac artery proximate thereto 
and the outflow conduit attached to the axillary artery proxknate the shoulder. It is contemplated that the outflow 
conduit be applied by tunneling it under the skin from the pump to the axillary artery. Where implanted, the pump 
is preferably powered by an bnplantable battery that may be recharged externally by an RF induction system or 

replaced periodically. . 1 

The present invention also comprises a method for supplementing the circulation of blood . the patten, and 
potential* reducing the pumping load on the heart of a patient without connecting any compenent to the pattern's 
heart The inventive method comprises the steps of implanting a pump configured to pump blood at volumetrtc rates 
that are on average subcardiac. wherein the pump has an inflow and outflow conduit attached thereto; connectmg 
a distal end of the inflow condun to the first peripheral blood vessel with a mutimattyinvasive surgical procedure to 
permit the flow of blood to the pump from a first peripheral blood vessel of the patient; implanting the inflow condurt 
subcutaneously; connecting a distal end of the outflow conduit to the second peripheral blood vessel with a mm* 
invasive surgical procedure to permit the flow of blood away from the pump to a second peripheral blood vessel of 
the patient; and operating said pump to.periuse blood through the patient's circulatory system. In one specflc 
application, the pump b capable of synchronous control wherein the step of operating the pump includes the steps 
of beginning discharge of blood out of the pump during Uovolumic contraction and discontinuing discharge of lood 
when the aortic valve closes following systole. Depending upon the patient and the specific arrangement of the 
5 present system, this specific method resorts in reduced after-load on the heart while also supplementing circulate 
For example, in one embodiment, the first and second blood vessels are the femora, and axillary arteries, respectwely. 
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In an alternative method of applying the present invention, the pump is not implanted and the inflow and 
outflow conduits ere connected to the first and second blood vessels percutaneous*, using a readilyremovable 
connector, such as a cannula, to connect the distal ends of each conduit to the blood vessels. 

An important advantage of the present invention is that it utilizes the benefits of an IABP. without the 
requirement of extracorporeal equpnent or the need to have a balloon or similar implement partially obstructing a 
blood vessel. The present invention thus offers simplicity and long-term use. 

RriRf Description nf The Drawings 
These and other features and advantages of the invention will now be described with reference to the 
drawings, which are intended to illustrate and not to limit the invention. 

Figure 1 is a schematic view of a cardiac assist device, known as a left ventricular assist device, showmg 
a bypass from the apex of the left ventricle to the aortic arch; 

Figure 2 is a schematic view of a first embodiment of the present invention, shown applied to a patient's 

circulatory system. 

Figure 3 is a schematic view of a second embodiment of the present invention, shown applied to a patient s 

circulatory system. • 

Figure 4 is a schematic view of a variation of the first embodiment of Figure 2 shown implanted into a 

patient; 

Figure 5 is a schematic view of a third embodiment of the present invention, shown applied to a pat.ent s 
circulatory system. 

Figure 6 is a schematic view of a fourth embedment of the present invention, shown applied to a patent s 
circulatory system. 

tlatailed Desr ri ptinn flf The Pr ^rrflri Embodiments 
Turning now to the drawings provided herein, a more detailed description of the embedments of the present 
invention is provided below. It should be noted, however, that while some embodiments have ell of the advantages 
identified herein, other embodiments may only realize some but not all of the advantages. 

The present invention provides a heart assist system that is extracardiac in nature. In other words, the 
present invention supplements blood perfusion, without the need to interface directly with the heart and aorta. Thus, 
no major invasive surgery is necessary to use the present invention. In some circumstances, the present invent™ 
also lessens the hemodynamic burden on the heart by reducing the pressure at the aortic root durmg systole. 

With reference to Figure 2, a first embodiment of the present invention 10 is shown applied to a patient 
12 having an ailing heart 14 and an aorta 16. from which peripheral brachiocephalic blood vessels extend, including 
the right subclavian 18, the right carotid 20, the left carotid 22, and the left axillary 24. Extending from the 
descending aorta is another set of peripheral blood vessels, the left and right femoral artenes 26. 28. 

The first embodiment 10 comprises a pump 32 having an inlet 34 and an outlet 36 for connection of 
5 »,exible conduits thereto. The pump 32 is preferably e rotary pump, either an axial type or a centrifugal type, 
although other types of pumps may be used, whether commerciallyavailable or customized. In either case, the pump 
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shouid be sufficiently small to be implanted subcutaneous* and preferabr, extrathoracica.lv, for example in the groin 
area of the patient, without the need for major invash,e surgery. Because the present invention is an extracard.ee 
system, no valves are necessary. Any inadvertent backflow through the pump andmr through the inflow conduu 

would not harm the patient. 

Regardless of the style chosen, the pump 32 of the present invention is sized to pump blood at subcard,ac 
volumetric rates, less than about 50% of the flow rate of an average healthy heart, although flow rates above that 
mav be effective. Thus, the pump 32 of the present invention is sized and configured to discharge Wood at 
volumetric flow rates anywhere h the range of 0.1 to 3 liters per minute, depending upon the application dested 
andlor the degree of need for heart assist. For example, for a patient experiencing advanced congestive heart f adure. 
it may be preferable to employ a pump that has an average subcardiac rate of 2.5 to 3 liters per mhute. In other 
patients, particularly those with minunal levels of heart failure, k may be preferable to employ a pump that has an 
average subcardiac rate of 0.5 liters per minute or less. 

,n one embodiment, the pump selected is a continuous f.ow pump so that blood perfusion through the 
circulation system is continuous. In an alternative embodiment, the pump selected has the capability of synchronous 
actuation; i.e.. it may be actuated in a pulsatile mod, either in copulsating or counterpulsating fasmon. 

For copulsating action, it is contemplated that the pump 32 would be actuated to discharge blood generally 
during systole, beginning actuation, for example, during isovolumic contraction before the aortic valve opens or as 
the aortic valve opens. The pump would be static while the aortic valve is closed following systole, ceasmg 
actuation, for example, when the aortic valve closes. 

For counterpulsating actuation, it is contended that the pump 32 would be actuated generally dunng 
diastole, ceasing actuation, for example, before or during fcovolumic contraction. Such an appBcation would perm,t 
and,or enhance coronary blood perfusion. In this application, it is contemplated that the pump would be static dunng 
the balance of systole after the aortic valve is opened, to lessen the burden against which the heart must pum^ 
The aortic valve being open encompasses the periods of opening and closing, wherein blood is flowing therethrough. 

,t should be recognized that the designations copulsating and counterpulsating are general identifiers and 
are not .united to specific pomts m the patient's heart cycle when the pump begins and detinues actuafon. 
Rather they are intended to generally refer to pump actuation in which the pump is actuating, at least in part, dunng 
systo.e and diastole, respectively. For example, it is contemplated that the pump might be activated to be out of 
phase from true copulsating or counterpulsating actuation described herein, and still be synchronous, depending upon 
the specific needs of the patient or the desired outcome. One might shift actuation of the pump to begin pnor to 
or after isovolumic contraction or to begin before or after isovolumic expansion. 

Furthermore, the pulsatOe pump may be actuated to pulsate asynchronously with the patient's heart. 
Typically, where the patient's heart is beating irregularly, there may be a desire to pulsate the pump asynchronously 
35 so that the perfusion of blood by the extracardiac pumping system is more regular and. thus, more effects at 
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exygenating tha argan, Whara tha patient's haart beats regularly, but waakly. synchronous pulsation of the 

extracardiac pump may be preferred. 

The pump 32 is driven by an electric motor 40 and is controlled preferably by a programmable controller 
42 that is capable of actuating tha pump in pulsatile fashion, where desired, and also of controlling the speed of 
A. pump For synchronous control, the patient's hear, would preferably be monitored with an EKG m wh,ch 
feedback would be provided the controller 42. The controller 42 is preferably programmed by the use of externa, 
means This may be accompfched, for example, using RF telemetry circuits of the type commonly used w,th,n 
hnplantabla pacemakers and defibrillators. Tha controller may also be automating to permit automatic regulafon 
of the speed, andlor regulation of the synchronous or a synchronous pulsation of tha pump, based upon feedback 
*m ambient sensors monitoring parameter, such as pressure or the patient's EKG. It is also contemplated that 
a reverse-direction pump be utilized, if desired, in which the controller is capable of reversing the direction of ether 
the motor or the impellers of the pump. Such a pump might be used where it is desirable to have the opt,on of 
reversing the direction of circulation between two peripheral blood vessels. 

Power to the motor 40 and controller 42 is provided by a battery 44 that is preferably rechargeable by 
an externa, induction source (not shown), such as an RF induction coil that may be electromagnetically coupled to 
tha battery to induce a charge therein. The pump can be temporarily stopped during recharging with no apprecable 
life threatening effect, because the system only supplements the heart, rather than substituting for the heart. 

While the controller 42 and battery 44 are preferably pre-assembled to the pump 32 and implanted 
therewith, it is also contemplated that the pump 32 and motor 40 be implanted at one location and the controller 
42 and battery 44 be implanted in a separate location. In one alternative arrangement, the pump 32 may be dnven 
externally through a percutaneous drive line. In another alternative, the pump, motor and controller may be implanted 
and powered by an extracorporeal battery. In the latter case, the battery could be attached to the side of the 

patient to permit fully ambulatory movement. 

The inlet 34 of the pump 32 is preferably connected to a flexible inflow conduit 50 and a flexible outflow 
conduit 52 to direct blood flow from one peripheral blood vessel to another. The inflow and outflow conduits 50 ; 
52 may for example, be formed from Dacron. Hemashield or Gortex materials, although other materials may be 
suitable In some case, the inflow andlor outflow conduits may come commercially already attached to the pump. 
Where it is desired to implant the pump 32 and the conduits 50, 52, it is preferably that the inner diameter of the 
conduits be less than 25 mm, although diameters slightly larger may be effective. 

In one preferred application of the present invention, the first embodiment is applied in an arterial-artenal 
fashion; for example, as a femoral-axillary bypass, as is shown in Figure 2. It should be appreciated by one of 
ordinary skill in the art that an axBlary-femora. bypass would also be effective using the embodiments desenbed 
herein. Indeed, it should be recognized by one of ordinary skill in the art that the present invention might be applied 
to any of the peripheral blood vessels in the patient. 
5 ' The inflow conduH 50 has a first proximal end 56 that connects with the inlet 34 of the pump 32 and a 

second distal end 58 that connects with a first peripheral blood vessel, which is preferably the left femora, artery 
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26 of the patient 12. although the right femoral artery or any other peripheral artery may be acceptable. In one 
application, the connection between the inflow conduit 50 and the first blood vessel is via an end-to-side 
anastomosis, although a side-to-side anastomosis connection might be used mid stream of the conduit where the 
inflow conduit were connected at its second end to an additional blood vessel (not shown). 

Similarly, the outflow conduit 52 has a first proximal end 62 that connects to the outlet 36 of the pump 
32 and a second distal end 64 that connects with a second peripheral blood vessel, preferably the left axillary artery 
24 of the patient 12. although the right axillary artery, or any other peripheral artery, would he acceptable. In one 
application, the connection between the outflow conduit 52 and the second blood vessel is via an end-to-side 
anastomosis, although a side-to-side anastomosis connection might be used mid-stream of the conduit where the 
outflow conduit were connected at its second end to yet another blood vessel (not shown). Preferably, the outflow 
conduit is attached to the second blood vessel at an angle that results in the predominant flow of blood out of the 
pump proximally toward the aorta and heart, such as is shown in Figure 1 

It is preferred that application of the present invention to the peripheral blood vessels be accomplished 
subcutaneously; La., at a shallow depth just below the skin or first muscle layer so as to avoid major invasive 
surgery. It is also preferred that the present invention be applied extrathoracically to avoid the need to invade the 
patient's chest cavity. 

Where desired, the entire extracardiac system of the present invention 10 may be implanted within the 
patient 12. In that case, the pump 32 may be implanted, for example, into the groin area, with the inflow conduit 
50 connected subcutaneously to, for example, the femoral artery 26 proximate the pump 32. The outflow conduit 
would be tunnelled subcutaneously through to, for example, the left axillary artery 24. In an alternative arrangement, 
the pump 32 and associated drive and controller could he temporarily fastened to the exterior skin of the patient, 
with the inflow and outflow conduits 50, 52 connected percutaneously. In either case, the patient may be 
ambulatory without restriction of tethered lines. 

It is contemplated that, where en anastomosis connection is not desired, a special connector may be used 
to connect the conduits 50. 52 to the peripheral blood vessels. With reference to Figure 3. a second embodiment 
of the present invention is shown, wherein the inflow conduit 50 and outflow conduit 52 are connected to the 
peripheral blood vessels via first and second connectors 68, 70 each comprising three-opening fittings. In the 
preferred embodiment, the connectors 68. 70 comprise an intra-vascular, generally-tee-shaped fitting 72 having a 
proximal end 74, a distal end 76, and an angled divergence 78 permitting connection to the inflow and outflow 
conduits 50, 52 and the blood vessels. The proximal and distal ends 74, 76 of the fittings 72 permit connection 
to the blood vessel into which the fitting is positioned. The angle of the divergence 78 of the fittings 72 may be 
90 degrees or less from the axis of flow through the blood vessel. In another embodiment, the connectors 68, 70 
are sleeves (not shown) that surround and attach to the outside of the peripheral Wood vessel where, within the 
interior of the sleeve, a port to the blood vessel is provided to permit blood flow from the conduits 50, 52 when 
35 they are connected to the connectors 68. 70. respectively. Other types of connectors having other configurations 
are contempleted that may avoid the need for an anastomosis connection or that permit connection of the condurts 
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to the blood vessels. It is contemplated that a connection to the blood vessels might be made via a cannula, wherein 
the cannula is implanted, along with the inflow and outflow conduits. 

The advantage of discrete connectors is their potential application to patients with chronic CHF. A 
connector elates a need for an anastomosis connection between the conduits of the present invention system 
5 and the peripheral blood vessels where it is desired to remove andlor replace the system more than one tone. The 
connectors could be applied to the first and second blood vessels semi-permanently, with an end cap applied to the 
divergence for later quick-connection of the present invention system to the patient. In this regard, a patient nught 
experience the benefit of the present invention periodical*, without having to reconnect and redisconnect the condurts 
from the blood vessels via an anastomosis procedure each tone. Each time it is desued to implement the present 
10 invention, the end caps would be removed and the conduit attached to the connectors quickly. 

In the preferred embodiment of the connector 70. the divergence 78 is oriented at an acute angle 
significantly less than 90' from the axis of the fitting 72, as shown h Figure 3. so that a majority of the blood 
Lowing through the outflow conduit 52 into the blood vessel (,g.. left axillary 24) f.ows in a direction proximally 
toward the heart 14, rather than in the distal direction. In an alternative embodiment, the proximal end 74 of the 
15 fitting 72 may have a diameter larger than the diameter of the distal end 76. without need of having an angled 

divergence, to achieve the same result. 

With or without a connector, with blood flow directed proximally toward the aorta, the result may be 
concurrent flow down the descending aorta, which will result in the reduction of pressure at the aortic root. Thus, 
the present mvention may be applied so to reduce the afterload on the patient's heart, permitting at least part.a. t 
20 not complete CHF recovery. whHe supplementing blood circulation. Concurrent flow depends upon the phase of 
operation of the pulsatile pump and the choice of second blood vessel to which the outflow conduit is connected. 

While the present invention may be applied to create an arterial-arterial bypass, given the nature of the 
present invention. Le.. supplementation of circulation to meet organ demand, a venous-arteria. bypass may also be 
used For example, with reference to Ffcure 4. one embodiment of the present awention 10 may be applied to the 
25 patient 12 such that the inflow conduit 50 Is connected to a peripheral veu, such as the left femora, vein 80. In 
this arrangement, the outflow conduit 50 may be connected to one of the peripheral arteries, such as the left axdlary 
24 Arteriovenous arrangements are contemplated as well. In those venous-arterial cases where the mflow ,s 
connected to a vein and the outflow is connected to an artery, the pump 32 should be sized to permit flow 
sufficiently small so that oxygen-deficient blood does not rise to unacceptable levels in the arteries. It should be 
30 appreciated that the connections to the peripheral veins could be by one or more methods described above for 
connecting to a peripheral artery. It should also be appreciated that the present invention could be apphed as a 
venous-venous bypass, wherein the inflow and outflow are connected to separate peripheral veins. In add,t,on. an 
alternetive emboduoent comprises two discrete pumps and conduit arrangements, one being applied as a venous- 
venous bypass, and the other as an arterial-arterial bypass. 
35 A partial external appBcation of the present invention is contemplated where a patient's heart failure .s 

acute; le.. is not expected to last long, or in the earlier stages of heart failure (where the patient is in New York 
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Hear. Association Classification (NYHAC) functional classes I. or 111). With reference to Figure 5. a third embodiment 
„, , he present invention 110 is applied percutaneous* to a patient 112 to bypass between two peripheral blood 
vessels wherein a pump 132 and its associated motor and controls are employed extracorporeal*. The pump 132 
has an inflow condurt 150 and an outflow conduit 152 associated therewith for connection to two peripheral blood 
vessels The inflow conduit 150 has a first end 156 and second end 158 wherein the second end is connected to 
a first peripheral blood vessel (e.g.. femora, artery 126) by way of a cannula 180. The cannu.a-180 has a first end 
,82 sealably connected to the second end 158 of the inflow conduit 150. The cannula 180 also has a second end 
1B4 used to pierce the skin or fust layer of muscle through surgical opening 186 and to pierce the blood vessel 

source (e.g., femoral artery 126). 

Similarly, the outflow conduit 152 has a first end 162 and second end 164 wherein the second end ,s 
connected to a second peripheral blood vessel (e.g.. teft axillary artery 124) by way of a cannula 180. L,ke the 
inflow cannula, the outflow cannula 180 has a first end 182 sealably connected to the second end 164 of the 
outflow conduit 152. The outflow cannula 180 also has a second end 184 used to pierce the skin or first layer 
of muscle through surgical opening 190 and to pierce the second blood vessel (e,.. left axillary artery 124). By use 
of a percutaneous application, the present invention may be applied temporarily without the need to implant any 
aspect thereof or to make anastomosis connections to the blood vessels. 

An alternative variation of the third embodiment may be used where it is desired to treat a pafent 
periodically, but for short periods of time each occasion and without the use of special connector, With tins 
variation it is contemplated that the second ends of the inflow and outflow conduits be more permanently connected 
to the associated blood vessels via. for example, an anastomosis connection, wherein a portion of each condun 
proximate to the blood vessel connection is anplanted percutaneous* with a removable cap enclosing the externally- 
exposed first end (or an intervening end thereof) of the conduit externa, to the patient. When it is desired to provufe 
a circulatory bypass to supplement blood flow, the removable cap on each exposed percutaneously-positionedcondun 
could be removed and the pump (or the pump whh a length of inflow and/or outflow conduit attached thereto, 
3 inserted between the exposed percutaneous conduit, In this regard, a patient may experience the benef « of the 
present invention periodically, without having to reconnect and redisconnect the conduits from the blood vessels each 

Another embodiment of the present invention includes a plurality of inflow andlor outflow conduit, For 
example, with reference to Figure 6, a fourth embodiment of the present invention 210 includes a pump 232 . M 
,0 communication with a plurality of inflow conduits 250A. 250B and a ph.ra.Hy of outflow conduits 252A. 252B^ 
Each pair of conduns converges at a generally Y-shaped convergence 296 that converges the flow at the inflow en 
and diverges the flow at the outflow end. Each conduit may be connected to a separate peripheral blood vessel 
although it is possible to have two connections to the same blood vessel at remote location, In one arrangement 
all four conduits are connected to peripheral arteries. Ahernatively. one or more of the conduits could be connected 
35 to veins. In the application shown in Figure 6. inflow conduit 250A is connected to left femora, artery 226 wlule 
i„f,ow conduit 250B is connected to left femoral vein 278. Outflow conduh 252A is connected to left axillary artery 
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224 while outflow conduit 252B is connected to left carotid artery 221 It should he noted that the connections 
of any or all of the conduits to the blood vessels may be via an anastomosis connection or via a special connector, 
as described above. In addition, the embodiment of Figure 6 may be applied to any combination of peripheral blood 
vessets that would best suit the patient's condition. For example, it may be desired to have one inflow conduh and 
two outflow conduits or vice versa. Finally, it should be noted that more than two conduits may be used on the 
inflow or outflow side, where the number of inflow conduits is not necessarily equal to the number of outflow 
conduits. 

While the above description has explained the inventive features of the invention as applied to vanous 
embodiments, it will be understood that the variations in the form and details of the apparatus or method may be 
made by those of ordinary skiU in the art without departing from the spirit of the invention. The scope of the 
invention is indicated by the appended claims herein, however, not by the foregoing description. 
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WHAT IS CLAIMED IS : 

1 . An extracardiac pumping system lor supplementing blood circulation through a patient experiencing 
congestive heart failure without any component thereof being connected to the patient's heart, the extracardiac 
system comprising: 

a pump configured to pump blood through the patient at subcardiac volumetric rates, said pump 
having an average flow rate that, during normal operation thereof, is substantially below that of the 

patient's heart when healthy: 

an inflow conduit f luidly coupled to the pump to direct blood to the pump from a first peripheral • 
blood vessel, the inflow conduit having a first end sized and configured to couple to the first peripheral 
blood vessel; and, 

an outflow conduit fluidly coupled to the pump to direct blood from the pump to a second 
peripheral blood vessel, the outflow conduit having a first end sized and configured to couple to the second 
peripheral blood vessel. 

2. The extracardiac pumping system of Claim 1, wherein the connection of the first ends of the 
inflow and outflow conduits to the blood vessels may be made subcutaneously to permit application of the 
connections in an minimally-invasive procedure. 

3. The extracardiac pumping system of Claim 1. wherein the pump is configured to circulate blood 

at an average volumetric rate of less than about 2.5 liters/min. 

4. The extracardiac pumping system of Claim 3, wherein the pump circulates blood at an average 
volumetric rate of less than about 0.5 liters/minute. 

5. The extracardiac pumping system of Claim 1, wherein the pump has a maximum sustained flow 

rate that is less than about 3 liters/min. 

6. The extracardiac pumping system of Claim 1 further comprising at least one additional inflow 
conduit, each of the inflow conduits having a first end configured to connect to a peripheral blood vessel. 

7. The extracardiac pumping system of Claim 1 further comprising at least one additional outflow 
conduit, each of the outflow conduits having a first end configured to connect to a peripheral blood vessel. 

8. The extracardiac pumping system of Claim 1. wherein the pump is a pulsatile pump. 

9. The extracardiac pumping system of Claim 8, further comprising a control circuit to synchronously 
actuate the pump so as to begin pumping during isovolumic contraction and discontinue pumping about when the 
aortic valve closes. 

10. The extracardiac pumping system of Claim 9, further comprising a control circuit to synchronously 
actuate the pump during diastole and to discontinue actuation of the pump while the aortic valve is open to provide 
counterpulsating blood flow between the first and second peripheral blood vessels. 

11. The extracardiac pumping system of Claim 10, wherein use of the pumping system in the patient 
would reduce the pumping load on the patient's heart by reducing the pressure at the aortic root before the aortic 
valve is opened for reduced hemodynamic burden during systole. 
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12. The extcacardiac pumping system of Claim 1. wherein the pump is a continuous-flow pump. 

13. The extracardiac pumping system of Claim 1. wherein the pump, inflow conduit and outflow 
conduit are sized and configured to be implantable using a minimally-invasive surgical procedure. 

14. The extracardiac pumping system of Claim 1 3 further comprising an implantable battery. 

15. The extracardiac pumping system of Claim 14 further comprising an induction coil configured to 
electromagnetically couple to the battery for charging the battery following implantation of said battery and pump. 

16. The extracardiac pumping system of Claim 1. wherein the inflow or outflow conduit comprises 
flexible tubing having an inner diameter that is less than 25 millimeters. 

17. The extracardiac pumping system of Claim 1 further comprising a connector for affixing to one 
of the peripheral blood vessel and for connecting to one of the conduits. 

18. The extracardiac pumping system of Claim 17. wherein the connector has a divergence of less 
than 90 degrees so that a majority of the blood pumped into the peripheral vessel may be directed proximafly toward 

the heart when the system is in use. 

19. A method for supplementing the circulation of blood through the patient without connecting any 

component to the patient's heart, the method comprising the steps of: 

connecting a distal end of an inflow conduit of a pump to a first peripheral blood vessel to permit 
the flow of blood to the pump from the first peripheral blood vessel, said pump configured to pump blood 
at volumetric rates that are on average subcardial 

connecting a distal end of an outflow conduit of the pump to a second peripheral blood vessel to 
permit the flow of blood away from the pump to the second peripheral blood vessel; and 
operating said pump to perfuse blood through the patient's circulatory system. 

20. The method of Claim 19, wherein the pump is a rotary pump. 

21. The method of Claim 19, wherein the pump is implanted. 

22. The method of Claim 19, wherein the distal ends of the inflow and outflow conduits are joined 
to the first and second blood vessels, respectively, via end-to-side anastomosis connections. 

23. The method of Claim 19, wherein the distal ends of the inflow and outflow conduits are joined 
to the first and second blood vessels, respectively, via a cannula. 

24. The method of Claim 23. wherein the connection is made so as to result in a percutaneous 

application. 

25. The method of Claim 19, wherein the method results in an arterial-arterial bypass. 

26. The method of Claim 25, wherein the method results in a femoral-axillary bypass. 

27. The method of Claim 25, wherein the connection between the distal end of the inflow conduit and 

the first peripheral blood vessel is made with a cannula. 

28. The method of Claim 25, wherein the connection between the distal end of the inflow conduit and 
5 the first peripheral blood vessel is made with an anastomosis connection. 
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29. The method of Claim 25. wherein the inflow and outflow conduit distal ends are connected to a 

femoral artery and an axillary artery, respectively. 

30. The method of Claim 19, wherein the step of operating the pump comprises pulsatile actuation 

ofthe pump. 

31. The method of Claim 30. wherein the step of pulsatile actuation comprises actuating the pump 

in a generally copulsating fashion. 

32. The method of Claim 31, wherein the pump is controlled so as to begin actuation during isovolunuc 

contraction. 

33. The method of Claim 30. wherein the step of pulsatile actuation comprises actuating the pump 

in a generally counterpulsating fashion. 

34. The method of Claim 30, wherein the pump is actuated in a pulsatile fashion so as to reduce the 

pressure at the aortic root. 

35. The method of Claim 19, wherein the pump is actuated in a continuous fashion so as to reduce 

the pressure at the aortic root. 

36. The method of Claim 19. wherein the method results in an venous-arterial bypass. 

37. The method of Claim 19. wherein the method results in an arterial-venous bypass. 

38. The method of Claim 19. wherein the method results in an venous-venous bypass. 

39. The method of Claim 19. further comprising the step of connecting an intervening length of conduit 

between the distal end of the inflow conduit and the pump. 

40. The method of Claim 1 9, further comprising the step of connecting an intervening length of condurt 

between the distal end of the outflow condurt and the pump. 
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